Abstract. The Architecture, Engineering and Construction (AEC) industry is known as one of the prominent sectors contributing to economic stability in Indonesia. On the other hand, this sector is also responsible for significant environmental impact in the country. Building Information Modelling (BIM) is a key innovative technology enabling advanced management within the construction and civil engineering industries and facilitating improvements in sustainability and asset management across the globe. BIM enables the achievement of three sustainable dimensions which are known as Triple Bottom Line (TBL). However, to enable the construction industry in Indonesia to expand and adopt this new engineering technology, the scarcity of the experts in BIM remains a barrier to initiate the migration from traditional management to BIM. From 40 respondents who participated in this study, only 2 respondents had competence in BIM. However, the awareness rate of Indonesian engineers about BIM is actually quite good with 67.5% of respondents having recognised BIM, although mostly with limited or basic knowledge. This research also defines BIM's impact to sustainability aspects in construction.
Introduction
According to the latest international financial research, Indonesia is one of the few developing countries in Asia with good economic stability [1] [2] [3] . To sustain the economic situation in Indonesia, the Architecture, Engineering and Construction (AEC) industry highly contributes as a prominent sector [4] [5] . Construction, as part of the AEC industry, provides infrastructure to boost national economic activities and provides employment for various skills and education graduates [4] .
The development within the construction industry needs to focus on the maintenance of environmental sustainability. The construction industry is responsible for 30% of the global greenhouse gas (GHG) emission, 40% of global energy consumption, and 40% of all solid waste [6] [7] [8] [9] . The whole construction project life cycle -stages of building materials manufacture, construction, operation, and demolition -involve significant energy consumption and the generation of pollution. Other than the concern of environmental sustainability, the challenge for the construction industry to 'go green' is also enforced by the increasing energy cost, scarcity of resources, and regulations limiting GHG emission [7] .
Building Information Modelling (BIM) is a transformative technology offering considerable benefits in the construction industry [10] [11] . BIM can be defined as a more integrated working platform which enables the collaboration of multidisciplinary information and interaction among stakeholders within one model [12] [13] . In Indonesia, most within the construction industry are still working with paper-based system, which takes a lot of time, effort, and resources to recognise clashes. In order to make the process faster and more organised, BIM can be used to address this problem. This shift from 'conventional' approach to BIM also supports the economic, social and environmental sustainability within the construction industry. The systematic and collaborative approach offered by BIM provides an opportunity to measure sustainability enhancement throughout a project's life cycle [14] [15].
Literature review

BIM and the concept of sustainability
BIM and sustainable construction have been receiving enormous attention in the AEC industry recently [16] . BIM facilitates innovation through providing an integrated working platform for the AEC industry from a project's inception, which results not only in technical benefits to the completion of project, but also an improvement in sustainability throughout the whole project's life cycle [12] . In contrast to the predominant paper-based systems within Indonesian AEC, BIM-enabled collaboration of all parties involved in the whole project's life cycle is facilitated by using this more sophisticated technology [16] . The 'Triple-Bottom-Line' (TBL) sustainability dimensions widely recognised are: social, economic, and environmental sustainability [17] [18] . A simultaneous integration of these three elements is needed to establish sustainability in a built environment effectively [13] and can be achieved through BIM [17] .
Social sustainability can be defined as a situation that conforms to the necessity of people and their future generations [19] . In a built environment, social sustainability is achieved when stakeholders' needs are fulfilled [20] . In this case, BIM plays a role in providing a setting to promote better design to facilitate society's needs by enabling stakeholders to review and develop the 3D design, simulating its performance before the project is constructed in a collaborative working environment. This transition from a historically very fragmented process encourages all project stakeholders to share their viewpoints [21] . BIM-based systems have been also proposed in the form of integrated procurement systems [22] [13] strengthening social sustainability.
With regards to economic sustainability, BIM increases the saving of the life cycle cost in built facilities. A previous cost benefit analysis study conducted in a sample BIM project indicated a 6.92% saving of cost [23] . On the other hand, a recent research utilised an energy simulation system with BIM to analyse energy consumption and offer more information for design selection [24] . A recent study also explores a cost estimation system which is BIM-based to directly calculate the bill of quantities (BoQ) [25] .
The principle in environmental sustainability includes alleviating the amount of GHG emissions to improve the quality of life [26] . BIM plays role in supporting a better spatial design, for instance in analysing potential environmental impacts, airflow circulation, a building's ecosystem, energy simulation and green assessment [27] [28] . There are already many studies and approaches that confirm that the use of BIM is able to bolster sustainability in the AEC industry. However, the discussion and exploration of this issue in Indonesia (with its own environmental climate context) are still considerably limited.
Green BIM
The rapid development of technology in the AEC industry such as the appearance of Computer Aided Design (CAD) era in the last decades creates an opportunity to transform traditional paper-based design formats and conventional project communication patterns. Moreover, the emergence of BIM takes the AEC industry to an even higher level of sophisticated technology. The strong collaboration and the richness of multidisciplinary information offered by BIM systems create an opportunity for sustainability enhancement.
'Green BIM' appears as a new omnipresent term which is considered to be a bridge between BIM and sustainability in the construction industry. With the growing popularity of the term 'Green BIM', there are several studies exploring this actual definition. The approaches in BIM practices in the construction industry consider Green BIM as a tool to achieve sustainability goals on a project [29] . Green BIM is also defined as the synergy of green buildings and BIM [30] , and as a tool to support building designs to integrate sustainable components into a project's life cycle [31] . Some construction companies consider green BIM as a tool in order to generate a bigger impact on the construction project's efficiency and performance [13] . In summary, researchers propose the definition of 'Green BIM' as a model-based process in producing and managing building data to bolster the achievement of sustainability goals during a project's life cycle [7] .
Utilising BIM in 'Green BIM' includes roles in effective and efficient design, modelling and analysis in digital format (e.g. to simulate the energy consumption, or solar impact). The advantages of data with high readability and the rich multidisciplinary information also benefits project communication. The advanced technology in BIM enables iterative modelling to achieve optimal design decisions which are environmentally friendly and also accomplishes high performance building attributes.
Methodology
This research focuses on the relation and the impact of BIM implementation to sustainability aspects in construction and building. A qualitive and quantitative questionnaire was used in order to collect data. In this research, 40 Indonesian practitioners in the construction industry were used as respondents in the quota sampling method [32] . A practitioner was defined as an engineer who is currently involved in building or infrastructure projects in Indonesia. The questionnaire was designed to identify how far the development of BIM adoption in Indonesia is, as well as to inquire on benefits gained by practitioners by implementing BIM, which are related to the sustainability aspect. In addition, closed and open questions were used for the questionnaire. Closed questions consisted of multiple choices and preference ratings, presented below in statistics. Meanwhile, open questions contained a discussion to explore the opinions and views of respondents.
Result and discussion
An online-based form was created to disseminate a structured questionnaire to collect information from Indonesian practitioners in the construction industry. 40 respondents from various engineering companies or organisations were involved in this study. From the feedbacks received, 23 respondents worked as contractors, 3 respondents worked as consultants, 6 were project owners, 6 worked in government, and 2 were architects.
The respondents are from various professional duties in their own company. Most of them are working as
Since the term BIM is still new in Indonesia, this sought to measure how far the concept of BIM is understood in Indonesia. From asking respondents how they would describe their knowledge of BIM, 67.5% of the surveyed respondents have some understanding of BIM. However, only 2 respondents stated having competence in BIM, whereas the other 25 respondents describe their knowledge of BIM as limited or basic. The rate of respondents' awareness about BIM in this study is observed to be quite high, showing similar levels to the neighbouring country of Malaysia with 63% indicating awareness [33] .
Respondents were surveyed to examine how the basic principles of BIM were currently being adopted within live projects. BIM is not only about technology, as BIM is prominently a process and platform to strengthen the integration of stakeholders involved in the project by improving communication and information management. The rationale of this second approach is to determine if Indonesian practitioners are actually familiar with the BIM concept, despite the lack of understanding about the definition of BIM.
There is an opportunity to observe several points through this approach, including the respondents' behaviour in project communication, data exchange, and project data storage. These points describe the basic principle of BIM which covers the integrated collaboration of stakeholders in project completion. The result shows that although the majority of respondents stated that they a have lack of knowledge of BIM, 55% of respondents considered that their data storage system was already integrated, with project data put into one place to enable all parties involved to have appropriate access to the most recent updates. This behaviour indicated one of the components of implementation of basic BIM principles within a project. The remaining 45% of respondents indicated that their project data is individually stored. In the terms of communication and data exchange, email and face-to-face communication are the most preferable method for respondents. Other methods such as telephone calls and meetings are also conducted with a high frequency. On the other hand, the use of more sophisticated IT-based tools for project communication and data exchange is still considerably rare. This situation indicates that some concepts of BIM, in particular Information Management, are still not well understood.
In relation with the target to achieve sustainable construction in Indonesia, the respondents were asked their opinion about the benefits of BIM implementation towards the sustainability aspects within construction. This research used five (closed) statements offered in preference rating question-based [11] [16] [34] with additional open questions to facilitate deeper expression of the respondents point of views.
The Relative Index (RI) [35] of the respondents' response of closed questions was then calculated. The questionnaire disseminated adopts a five point ranking scale with 5 as the highest point to signify that the respondents strongly agree about the statement. RI is defined by this following formula:
In which: P is the point given by the respondents to each statement provided. The point is given between 1 to 5, where 1 indicates that respondents strongly disagree and 5 indicate that respondents strongly agree with the statement;
A is the highest point; and N is the total number of respondents. Table 1 presents the top five benefits of BIM implementation in the Indonesian construction industry and their ranking given by 40 practitioner respondents. The result indicates that Indonesian practitioners perceive all aspects presented to be of similar benefit. There is no polarisation between "short term" and "long term" benefits. The highest benefit achieved by the implementation of BIM is the early detection of conflict in design and planning, delay avoidance and life cycle asset management improvement. With a slightly lower RI: reducing final cost and reducing construction waste were considered. From the responses received in the open questions, the respondents inferred the clearer and more integrated project information in BIM to be advantageous in forewarning risks that may occur. BIM information is recognised as beneficial to plan preventive actions and avoid damages.
This indicates that the instant benefit received from applying BIM is considered to have slightly more impact for the respondents, rather than the longer-term benefits. Instant benefits such as clash detection and time scheduling bring immediate effects in the project. On the other hand, longer-term benefits such as reduction of both of total cost and construction waste, and life asset management improvement, can only be seen after the completion of the project. This result has a typical pattern with the other study conducted in Malaysia. The percentage of respondents who agreed or strongly agreed that BIM can improve the building design and shorten the project timescale have higher percentages, which are 65% and 54%, rather than the percentage of the statement that BIM reduces project cost which is 51.5% [33] . However, by observing the result of Table 1 , it can be seen that there is only a slight difference among the five elements' relative index. This indicates that all five benefits provided by BIM are considered important by the respondents, with only slight differences in priority or preference.
The respondents were also asked about the barriers to implement BIM in Indonesia. The result presented in Figure 1 shows that the dominant barrier to adopt BIM in Indonesia is perceived to be the lack of knowledge, followed by the lack of demand in the current construction industry market. Some other barriers identified are the matter of contract and law, high investment cost, and complex procedure. 
Conclusion
This research describes how far the adoption of BIM has been progressing in Indonesia. The data shows that the number of engineers in Indonesia who have competence in using BIM is still low. However, the concept of BIM in integrated project data storage which enables the collaboration of stakeholders involved in information management is already applied by more than half of respondents.
The data and analysis indicate that most of the Indonesian practitioners who responded confirm that the implementation of BIM within projects improves sustainability within the construction industry. The early detection of clashes reduces potential errors during work, reduces the need to "fix issues on site" and reduces construction waste. Additional benefits arise from this as diminishes the probability of delays and cost overrun due to rework, and the additional work costs of delays themselves add to the project final cost. The implementation of BIM is seen to reduce the final cost and avert delays which impact economical sustainability. Recent studies and experiences confirm that BIM also enables improvement in asset lifecycle management by improving the environmental, economic and also social aspects of sustainability.
It can also be concluded from Table 1 that the respondents recognise the advantages gained in the construction phase of a project's life cycle with BIM implementation, and also the larger longer-term benefits to the completed asset within the operation and maintenance stage. Despite the current low awareness of BIM indicated within Indonesia, respondents recognised that there are considerable benefits to be gained by BIM implementation.
Given the generally recognised value of BIM, it is recommended that Indonesia should look to focus its efforts on education of BIM in order to promote this transition; this would also increase the number of Indonesian BIM practitioners in the AEC industry. Alongside this increased dissemination of BIM knowledge, promoting the awareness of sustainability in built environment is recommended. This study also notes that the act of asking questions with regards to BIM also served to raise the awareness of the respondents, and it is further recommended that the conferment of questions in questionnaires should then be followed by educational activities. Further studies in the future are recommended to elaborate more on the identification and promotion of sustainability benefits, especially the direct environmental impacts, by the implementation of BIM in the projects within the Indonesian context. 
